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WITH THIRTY-ONE FIGURES. 

In the year 1897 I prepared by the GOLGI method a number of 
series of sections of the head of Lampetra wilderi. These were 
used for the study of the brain (1902) and were reviewed in con- 
nection with the study .of the components of the cranial nerves 
in Petromyzon dorsatus (1905). Owing to the fact that certain 
fibers are impregnated and others not, the GOLGI preparations are 
not in themselves suitable for a complete study of cranialnerve 
components and such differences were found between the two 
species that it was thought best not to incorporate any of the facts 
from the Lampetra series in the description of the nerves of P. 
dorsatus. The GOLGI preparations were therefore laid aside with 
the hope that they could be supplemented by new preparations 
and the cranial nerves thoroughly gone over by this method. The 
time for making these new preparations now seems more remote 
than ever and I have decided to publish certain results which are 
entirely clear from the preparations in hand. The animals used 
were adults. 

The general relations of the cranial nerves may first be reviewed 
by means of figs. I to 11. These are camera sketches from a 
series of horizontal sections. The anterior part of the right half 
of the head is shown, including the first two gill sacs. The figures 
are not schematized at all except that detail had to be omitted, 
and in figs. 3 and 8 a little is added from the sections adjacent to 
those drawn and fig. 1 1  is a reconstruction from several sections. 
The left half of this figure represents sections fartherventrad than 
those drawn on the right. The entire series consists of 109 sections 
and the section drawn is indicated beneath each figure. In all 

All were taken on their nests just after spawning. 
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the figures cartilage is shaded with oblique lines and the larger 
muscles are indicated by light lines running in the direction of 
the muscle fibers. The following letters are used in addition to 

FIG. I .  Section 39. FIG. 2. Section 36. 

FIGS. I to 11. A series of horizontal sections of the right half of the head to show the general 
arrangement of the nerves. Explanation in the text. Magnification, 8.5 diameters. 

those indicating the nerves, which will be explained below: a.o., 
aortic arches: au, auditory capsule; m.c., mouth cavity; e,  eye- 
ball or orbit; nch., notochord; 0, esophagus; r.t., respiratory 
tube; v., blood vessels; th., thyroid gland. 
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In fig. I appear the ganglia and roots of the V and IX nerves, 
the root of the VII nerve within the auditory capsule, the VII-X 
connective of lateral line fibers (ZZ) on the outer surface of the 
auditory capsule, the combined roots of the I and 2 ventral spinal 
nerves (1-2) just behind the glossopharyngeus, and a segment 
of the epibranchial trunk (tr.ep.) with the stump of the first bran- - 

FIG. 3.  Section 43. FIG. 4. Section 48. 

chial nerve going off from it. Within the brain case appears the 
root of the third nerve and also two fine fibers which are appar- 
ently related to the meninges. 

The section from which fig. z was drawn passes through the optic 
chiasma (ch.). A part of the root of the trigeminus is still present 
and in its ganglion appear the cells and fibers of the velar nerve 
to be described below. The fibers which cross the root and 
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ganglion at right angles are the fibers coming from the lateral line 
VII ganglion and going to join the ophthalmicus profundus V 
(1905, p. 152). Within the auditory capsule are the roots of the 
VII and VIII nerves and behind the capsule the nerves spinal 
ventral I and 2, IX and X whose relations will be readily under- 
stood. Along the dorso-mesa1 surface of the second gill sac runs 
the trunk of the sympathetic (sym). 

FIG. 5 .  Section 51.  FIG. 6 .  Section 54. 

In  fig. 3 the optic nerve enters the eyeball. The trigeminus 
appears in three parts, at the anterior border the velar nerve, in 
the mesa1 portion the coarse fibered motor root, and in the lateral 
portion the ganglion of the maxillo-mandibular division. Between 
this and the auditory capsule lies the ganglion of the neuromast 
division of the VII  nerve. Lateral to this is the so-called VI 
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nerve which in the previous section comes from the trigeminal 
ganglion. Behind the neuromast ganglion is the root of the VII 
nerve proper which has emerged from the auditory capsule. 
Latero-caudal to the capsule are the spinal ventral nerves I and z 

Fzc. 7 .  Section 57. Fzc. 8. Section 60. 

Fig. 8a. Sections 66, 67, 68; this includes the skin and parietal muscle beneath the orbit'and 
corresp0nd.s in position to that part of Fig. 8 opposite to which it stands. 

which are passing cephalad with the ventral divisions of the first 
and second postotic myotomes (NEAL 1897). The trunk of the 
sympathetic here continues forward over the first gill sac which 
comes into view for the first time. The IX and first division of 
the X nerve are passing down mesa1 to the branchial cartilages. 
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In fig. 4 the maxillo-mandibular ganglion sends its first branches 
(max.) cephalad and mesad to supply muscles and the lining of 
the roof of the mouth cavity. Motor and sensory fibers seem to 
be intermingled. The root of the velar nerve (w...) is turning 
ventro-caudad and lies on the mesal surface of the ganglion. 
Behind it is the pure motor root ofcoarse fibers (man.). The so- 
called VI nerve enters the posterior rectus muscle in this section. 

FIG. 9. Section 71. FIG. 10. Section 82. 

The VII nerve gives off a large branch caudad which is the root of 
the sympathetictrunk. The IX and the first division ofthe Xnerve 
each send mesad a visceral ramus (t- .w.) ,  the main trunk of the 
nerve continuing down as before. 

The 
mesal one is motor, the lateral goes directly forward to the dorsal 
and anterior surface of the buccal funnel and is chiefly or wholly 

Fig. 5 shows two large maxillary rami going forward. 
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cutaneous. The mesal fibers of fig. 4 now break up in the lining 
of the buccal cavity. The velar nerve (w.n.) and the pure motor 
root (man.) are now separate from the maxillo-mandibular gan- 
glion. The other nerves in this drawing need no further comment. 

The 
large cephalic ramus runs parallel with that mentioned in fig. 5 

In fig. 6 the maxillo-mandibular complex is in three parts. 

FIG. 11. Combination. On the face of this figure are indicated the areas from which Figs. 21 
23 and 25 are drawn. 

and the two together doubtless innervate the skin of both surfaces 
of the buccal funnel, ventral to the area supplied by the ophthal- 
mic nerve, and especially the tentacles around its border. A 
large lateral ramus starts to go down beneath the orbit, and a 
smaller ramus goes caudally and ventrally behind the orbit. The 
pure motor ramus of V (man.) has now given off a mesal branch 
which in fig. 7 is seen entering the m. velo-hyomandibularis 
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internus of P. FURBRINGER. The dorsal branch of the visceral 
ramus of the IX nerve now appears in the dorsal wall of the water 
tube. A small bundle destined to the esophagus is marked 0.6. 
in the figure. 

In  figs. 7 and 8 the final branchesof the maxillo-mandibular 
complex are shown. Large cutaneous branches go forward in 
addition to those mentioned above. A large number of fibers pass 
laterad beneath the orbit and form a rich plexus in the.connective 
tissue covering the infra-orbital prolongation of the parietal muscle 
and forming the ventro-lateral wall of the orbit. From this plexus 
arise the fibers to the cornea and small nerves into the skin before 
and behind the eye. Several bundles, one of which was noted 
in fig. 6 as the posterior lateral branch, pass laterad behind the 
orbit, cross the spinal ventral nerves I and 2, pierce the parietal 
muscles and diverge to the skin beneath and behind the orbit. 
The velar nerve reaches its destination in these sections, entering 
the velum and innervating the epithelial covering of the velum 
and its tentacles. The VII nerve divides in fig. 7 into cutaneous 
and visceral rami. The visceral ramus gives off branches which 
supply the whole lining of the anterior half of the first gill sac 
with its gill lamellz. Other branches supply the muscle sheath 
of this gill sac. The cutaneous ramus goes downward and forward, 
passes beneath the cutaneous rami of the trigeminus just described, 
and passes out to the skin below the orbit in severalbundles (figs. 
8a and 9). I n  figs. 7 and 8 the visceral ramus of the IX nerve 
reaches the wall of the water tube and joins with its dorsal branch 
mentioned above. It has also a ventral branch, not shown in this 
series of figures, which supplies the floor of the water tube (fig. IS). 
The visceral rami of the several divisions of the X nerve behave 
in a similar manner. 

In  fig. 9 the motor ramus of V divides into a smaller anterior 
branch to the protractor muscles of the “tongue” and a larger 
posterior branch to the circular and retractor (fig. 10) muscles 
of the same organ. The continuation of the visceral ramus of the 
VII nerve has meantime divided into two branches. The anterior 
of these consists of relatively coarse fibers seen in fig. 9 just lateral 
to the tongue muscle nerve. This supplies the m. hyo-hyoidens 
anterior (see below). The posterior branch of the visceral ramus 
gives off fibers to the lining and muscle of the first gill sac, then 
(figs. 10 and I I )  descends beneath this sac, runs meso-caudad and 
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then caudad and gives off branches to the ventral wall of each gill 
sac and to the thyroid gland and blood vessels. I n  figs. 8 to 1 1  
the IX and X nerves are seen dividing into anterior and posterior 
branches which supply the half-gills adjacent to the arches in 
which the nerves run. Some fibers of these nerves also reach the 
skin of the ventral surface. 

THE CUTANEOUS COMPONENTS. 

The general cutaneous components have been traced to the skin 
in the Golgi preparations and the results confirm the findings in P. 
dorsatus. These components are found in the V, VII, IX and X 
nerves. Those in the facial nerve are shown in figs. 8a and 9, 
passing to the skin of the ventro-lateral surface below and behind 
the orbit. Dorsal to this area the trigeminus sends fibers much 
farther caudad, so that the trigeminus seems to encroach upon 
the innervation territory of the facialis a t  first dorsally, and in 
higher vertebrates has completely taken over the cutaneous inner- 
vation of the facial or hyoid segment. Doubtless the appearance 
of an operculum covering in the hyoid segment has led to the dis- 
appearance of the cutaneous component in the facial nerve. 

As already 
indicated, its ganglion forms the antero-mesa1 portion of the 
gasserian ganglion. The  ganglion cells are much smaller than 
those of the maxillary nerve and the fibers are uniformly medium 
fine. Beyond the ganglion the nerve bundle is compact and dis- 
tinct from other portions of the maxillo-mandibular ganglion and 
roots. It turns ventro-caudad on the mesa1 surface of the gas- 
serian ganglion. It runs down to the velum, remainingindependent 
of the motor nerve of the “tongue” on the one hand and of motor 
and sensory branches of the maxillaris for the roof of the mouth 
on the other. The distribution of the nerve to the roof of the 
velar orifice and to the tentacles is shown in fig. 12 and the endings 
of its fibers in the border of the velum are drawn in fig. 13. I 
have looked carefullyfor fibers from the VII nerve to supply a t  least 
the caudal surface of the velum, but if such fibers exist they are 
not impregnated. Along this surface of the velum lies the m. 
velo-hyomandibularis externus which is inserted in the border of 
the velum. It is supplied by a small branch from the motor 

The velar nerve should be specially described. 
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FIG. 12. A horizontal section through the velum just dorsal to its orifice. The fine branches of 
the velar nerve in the tentacles are not drawn. mand., mandibular nerve. Magnification, 60 diameters. 

FIG. 13. A section through the border of the velum showing the endings of the velar nerve and 
two fibers, mf, supplying the m. velo-hyomandibularis posterior. Magnification, 60 diameters. 
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nerve of the tongue and these are the only fibers entering the velum 
besides those of the velar nerve. 

The fibers of the lateral line system have been traced only in 
part and nothing is to be added to my former descriptions (1902 
and 1905). 

T H E  SOMATIC MOTOR COMPONENTS. 

The results to be reported here concern the distribution and 
mode of ending of the motor fibers in the spinal nervesof the 
branchial region. The postotic myotomes persist throughout life, 
going to form the great parietal muscle. The ventral spinal 
nerves innervating this show certain features of peculiar interest. 

As has been shown by the embryological studies of NEAL and 
KOLTZOFF, the first two postotic myotomes reach forward dorsal 
and ventral to the orbit so that they lie far forward from the roots 
of the first spinal nerves. In the number and segmental relations 
of the ventral spinal nerves Lampetra seems to agree closely with 
P. dorsatus. The first ventral spinal nerve appears to belong to 
the second postotic myotome and the first three myotomes are 
innervated by the first two spinal nerves, which are much larger 
than the following ones. In  my previous study I was unable, 
with the method used, to trace these nerves very far forward with 
the anterior prolongation of the first myotomes. In the Golgi 
sections, however, several fibers of the combined trunk of the 
first and second nerves are impregnated and their general course 
is indicated in the figures above described. The endings of the 
fibers in the first and second myotomes are beautifully impregnated 
and one or two fibers are traced to the extreme anterior end of the 
first myotome. 

The ventral nerve roots consist of a small number of very coarse 
fibers. Both these features have strongly impressed me since 
my first study of the lamprey. It is not easy to make a count of 
the number of fibers in a ventral nerve from sections in any of 
the conventional planes because, owing to the direction taken by 
the root, the section is never transverse to the root. In the 
ammoccetes of P..dorsatus a reasonable estimate of the number 
of fibers in the ventral roots in the branchial region seems to me 
to be about twenty. In Lampetra the conditions are a little more 
favorable for counting, because the fibers arising from the motor 
cells run caudad just within the ventral surface of the spinal cord 
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and finally emerge as a compact root. O n  this account a trans- 
verse section of the head passing just cephalad from the root 
gives a transverse section of nearly or quite all of its fibers. The 
first two nerves are larger than the others, the second containing 
about 70 fibers. I n  six following roots counted, part on the 
right and part on the left side, the count varied from 31 to 40. 
Even a cursory examination shows that the nerves arE much 
larger in Lampetra than in the ammoccetes of P. dorsatus, but 
whether this is a difference in species or  a difference between the 
arnmoccztes and the adult is an interesting question which I have 
no means of deciding. If  we accept 40 as a reasonable estimate 
of the number of fibers in the ventral root, it will be seen at  once 
that an interesting relation exists between this and the number 
of fibers to be innervated in the myotome. 

The parietal muscle compared with other organs of the body is 
large in the lamprey, as in the fishes generally. Each myotome 
is made up of bands or  plates of muscle fibers. Withineach 
muscle band are distinguished parietal and central fibers. The 
parietal fibers are smaller and are provided with sarcolemma. 
The central fibers are without sarcolemma (? )  and have the 
muscle fibrillae more closely packed than in the parietal fibers. 
The central fibers also vary greatly in size. The number of fibers 
in each band varies from 7 to 8 in the small bands at the lower 
border of the myotome to 55 to 60 in the large bands. As the 
majority of the bands are large, having above 35 to 40 fibers, a 
fair average for the muscle bands would be about 40 muscle fibers. 
The total number of muscle bands in a myotome and the corre- 
sponding segment of the ventral muscle in the branchial region 
varied in the counts made between 107 and 120. From these 
figures the round number 4000 might be taken as fairly indi- 
cating the number of .muscle fibers to be innervated by each 
ventral spinal nerve in the branchial region. I n  other words, each 
nerve fiber of the ventral spinal nerve must innervate about 
IOO muscle fibers. These figures are to be regarded as only a 
rough approximation but they express a general relation between 
the nerve and its muscle of which there can be no doubt. The 
mode of distribution and ending of the motor fibers is evidently 
influenced by this relation. 

As the axones leave the motor cells in the spinalcordthey are 
fibers of moderate thickness and increase somewhat in diameter 

Journal  of Comparat ive  N e u r o l o g y  and  Psychology. 
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before they enter the ventral roots. When the ventral roots are 
traced in sections stained in hzmatoxylin, they pass to the inner 
surface of the myotomes, and divide into dorsal and ventral rami 
which spread over this surface of the myotome so that the individ- 
ual fibers are soon lost. It is readily seen, however, that the fibers 
increase still more in thickness before they reach the myotome. 
The great thickness of the motor fibers before they enter the 
myotome is well brought out in Golgi preparations. In all cases, 
before the fibers begin to give off branches to their endings in 
relation with the muscle fibers, they have acquired an enormous 
thickness which can best be appreciated by examining figs. 14 
and 15. In  fig. 15, which represents a horizontal section of the 
right half of the body, the size of these fibers relative to that of 
the myotomes and of the whole body can be seen. The fibers 
are a little longer in proportion to their thickness than appears 
here, because six sections of 7 5 p  are projected on one plane. 
Some of these fibers have a thickness of 24p, which is about one- 
fourth of the thickness of the largest muscle bands in the myotomes. 
How much the fibers increase in thickness in their course between 
the spinal cord and the myotome can be seen from fig. 14, in 
which at  A is drawn the right half 0f.a transverse section of the 
spinal cord a t  the same magnification as the rest of the figure. 
Near the ventral surface of the cord are seen the fibers of the 
ventral root in cross section. The colossal size of these fibers can 
be indicated again by calling attention to the fact that although 
naked fibers are measured here, they equal in dizmeter the coarsest 
medullated fibers in man' and mammals. The explanation of 
the thickness of the fibers is found in the fact already pointed out 
that each motor fiber must supply a large number of muscle fibers. 

Figs. 14 and 15 show two forms of nerve endings in the myo- 
tomes. One of these is so different from typical motor endings 
that it was at  first thought that it might serve the muscle sense. 
Both kinds of fibers, however, are traced with certainty to the 
ventral roots and furthermore the larger part of the myotome is 
free from the typical endings and must be innervated by the simple 
endings to be described below. 

Typical motor endings.-Those fibers which spread over the 
inner surface of the myotomes present endings which, although 
simple in form, resemble typical motor end plates. In figs. 14 
and 15 are shown the spreading of such fibers and their ending 
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in short branches or  knobs. It is seen that the fibers do not 
penetrate far into the myotome but spread around the ends of the 
myotome in the intermuscular septa. Here the end plates are 
found and it may be said that most of these endings stand in 
relation with the ends of the muscle fibers. To understand the 

FIG. 14. A horizontal section of part of the left half of the body passing through the notochord 
to show the relation of the motor fibers to the myotomes. dr., dorsal roots; nr., ventral roots, m., 
myotomes, s., intermuscular septa; nch. ,  notochord. In the intermuscular septum above, a musculo- 
sensory ending (I). At A is shown the cross section of the right half of the spinal cord at the same 
magnification as the rest of the figure. The motor cells and the Miillerian fibers may be compared with 
the peripheral motor fibers. Magnification, 40 diameters. 

disposition of the fiber drawn in fig. 15 it must be remembered 
that the inner surface of the myotomes slant obliquely outward 
and downward from the vertebral region, so that the endings 
shown actually lie on the venuo-mesa1 surface of the myotomes, 
and are drawn as if seen through the mesa1 part of the myotomes. 
I have not drawn any of the end plates of these fibers a t  a high 
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magnification, but they are essentially similar to the end plates in 
the specialized muscle (see fig. 20). The endings in the specialized 
muscles are more highly developed than these in the myotomes. 

Simple end-branching in the myotomes.-In figs. 14 and 15 are 
shown other fibers which plunge directly into the myotomes. 
These sometimes divide into two large branches. The coarse 
fibers then run through the myotome toward the external surface 

FIG. 15. A section similar to the last, taken from the right side of the body. At the right is the 
outer surface, at the left the section does not quite reach the notochord. The proximal portion of the 
motor fibers, the epibranchial trunk and the dorsal nerves were drawn in from sections dorsal to that 
from which the main part of the figure was taken. d.7, d.8, dorsal nerves; u.7, u.8, ventral nerves; 
e-p., motor end-plates j ep.tr., epibranchial trunk (vagus-lateralis-hypoglossus complex); X8, X,, third 
and fourth branchial nerves of the vagus complex coming off from the epibranchial trunk; m.6, m.7, 
postotic myotomes; g.4, point dorsal to the fourth gill opening. At the lower left hand c0me.r four 
motor cells from the spinal cord drawn at the same magnification. Magnification, 40 diameters. 

of the body and give off numerous branches to either side which 
run parallel with the muscle fibers. These final branches are 
moderately slender, slightly varicose fibers which show no sign 
of any special end organ. I presume that they penetrate the 
connective tissue separating the muscle bands and lie upon the 
muscle fibers. In  fig. 14 part of two fibers of this kind are drawn. 
One of them divides into two branches. One branch is at  first 
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relatively slender and thickens greatly as it enters the myotome. 
Only a short part of this branch is drawn. It continues in the 
next adjacent section parallel with the other fibers and sends off 
a great number of branches which, if inserted here, would have 
rendered the drawing very obscure. 

These two forms of endings and their distribution doubtless 
indicate the beginning of specialization in the myotomes. As the 
mesal portion of the myotome is the first part to develop muscle 
fibrillae in the ontogeny and as this part becomes the muscle plate 
in the embryos of higher vertebrates, so here the mesal partof 
the myotome is supplied with special motor endings, while the 
lateral and greater part has only the simple end branches. In the 
phylogeny, with the development of hard parts in the vertebral 
column, the adjacent mesal parts of the myotomes come to be 
especially efficient in body movements and so become specialized 
skeletal muscles. The beginning of this is at  least foreshadowed 
in the lamprey. 

Segmental relations of the ventral nerves.-In figs. 14 and 15 
it is clearly shown that the motor fibers of both types may inner- 
vate two myotomes. These nerves Are not impregnated in a 
sufficiently large number of segments or of specimens to enable 
me to say whether the distribution of one fiber to two myotomes 
is common, but the fact that the majority of the fibers which are 
impregnated send branches to two myotomes is sufficient in.1. ica- 
tion that it is at least a normal arrangement. The significance 
of this seems to the writer to lie not so much in its bearing on 
questions of segmentation as upon the question of the factors 
determining the distribution of nerve fibers and directing them to 
their endings. There seems to be no definite or constant arrange- 
ment of these motor fibers. They pass in a haphazard fashion 
to one or two myotomes, branch once, twice or three times, etc. 
In studying the peripheral nerves of Amphioxus with methylene 
blue I gained the general impression that the nervesinthat animal 
showed still less regard for segmental relations. The sensory 
nerves run more or less straight ventrad over several obliquely 
placed myotomes and present endless variations in the way in 
which they reach the same general area of distribution. The 
obstacle in the way of HENSEN and his followers accepting HIS’S 
theory of the outgrowth of nerve fibers has been that they can not 
see how peripheral nerve fibers can find their way out from the 
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central nervous system to the organs which they should innervate. 
T o  remove this obstacle it is only necessary to recognize that 
peripheral fibers do not, “unerringly” as HENSEN said, find their 
way where they “should” go. Recent studies of regeneration 
give evidences of this and the facts here presented have, I believe, 
the same significance. In these lowly organized vertebrates the 
nerve fibers push out much as the pseudopodia of a protozoon 
are thrust out, and the word haphazard can be applied to the 
nerve fibers with whatever truth can be claimed foritwhenapplied 
to pseudopodia. As the pseudopodia of a motor neuroblast grow 
out they are directed by the forming organs of the body and per- 
haps by chemical influences. It appears that they do not always 
take the same course or reach the same end. They go sometimes 
to one myotome, sometimes to two; sometimes the greater part 
of a fiber remains in the first myotome which it enters; sometimes 
it gives off smaller branches to this myotome and runs through 
it to enter a second. It should be noticed that in the myotome 
stage of body musculature about the only thing necessary in the 
way of definite and constant innervation is a general bilateral 
symmetry. All that is secured is an alternating contraction of the 
muscles of the two sides passing along the body in waves, giving 
the fish the undulating movement by which it swims. As the 
muscles become specialized in the phylogenetic series-and the 
same is true of other organs-the influences directing the course 
of nerve fibers as they grow out increase in definiteness to keep 
pace with the evolution of the organism. Indeed, this is one 
factor upon which survival would depend. At no stage of evolu- 
tion, however, so far as the writer can see, is it necessary to suppose 
that nerve fibers should be unerringly directed to their proper 
destinations. Why should not some nerve fibers go astray like 
sheep and be lost? Why should nerve fibers be exempt from the 
otherwise universal law, the law of occasional failure ? Does not 
the method of trial and error hold here? 

ENDINGS OF MUSCLE SENSE. 

Occasionally there are found in the intermuscular septa free 
One is shown in 

These fibers seem to be in the proper position to serve 
Might not these fibers be stimulated by the 

endings of fibers of the dorsal spinal nerves. 
fig. 14. 
the muscle sense. 



586 Journal of Comparative Neurology and Psychology. 

contraction of the adjacent myotomes and might not the impulses 
sent in by them serve to bring about inhibition on the one side 
and the contraction of the corresponding myotomesof the opposite 
side ? 

T H E  VISCERAL SENSORY COMPONENTS. 

These components can be treated best by describing the sensory 
portions of the IX and VII nerves. The X nerve need not be 
described, since its branchial divisions after they leave the epi- 
branchial trunk (see 1905 paper) are like the IX in every way. 
The last two divisions of the vagus have not been studied in these 
preparations. 

The roots of the IX nerve emerge from the cranium just behind 
the auditory capsule and enter the ganglion. Beyond the gan- 
glion the sensory and motor fibers cannot be distinguished until 
they reach their destinations. The trunk descends over the first 
gill sac and enters the first branchial arch. Here it descends mesa1 
to the branchial cartilage (figs. I to 3) and gives off a visceral 
sensory ramus mesad (figs. 4 to 6). The  visceral ramus reaches 
the wall of the water tube somewhat above its middle and divides 
into dorsal and ventral branches. The dorsal branch runs up in 
the wall of the water tube to its dorsal surface where it forms a 
rich ramification (fig. 16) extending forward in the roof of the 
water tube to the velum. In fig. 16 it is seen that the water tube 
is much wider opposite the gill bars than between the gill pouches 
and this accounts for the arrangement of the fibers. Some of the 
fibers of this branch do not stop in the roof of the water tube but 
pass on up to the wall of the esophagus. A special bundle of 
such fibers is marked 0.6. in fig. 16 and its continuation is shown 
in fig. 17, where it ramifies in the wall of the esophagus. Fig. 16 
is taken from the same section as fig. 6, where this same bundle 
is indicated (oh . ) .  These endings in the wall of the water tube 
and of the esophagus are slender simple fibers or bunches of 
fine fibers branching out from a small knot or varicosity. Many 
of the fibers are so excessively fine that they could not be drawn 
at this magnification. 

The ventral branch of the ramus visceralis descends in the wall 
of the water tube and ramifies in its floor (fig. 18). Here again 
very many of the finest fibers are omitted from the drawing. 
Taste organs are present as in P. dorsatus but are not well impreg- 
nated. 
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FIG. 16. FIG. 17. 

FIG. 16. Ramification of the dorsal branch of the ramus visceralis of the IX nerve in the dorsal 
wall of the respiratory tube. g.a., gill arch; o.b., esophageal bundle continued in fig. 17. Magnifica- 
tion, 50 diameters. 

FIG. 17. Ramification of a branch, o.b.IX, from the ramus visceralis IX in the esophagus (oes.). 
Magnification, 80 diameters. 
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The trunk of the IX nerve continues down in the branchial 
arch (figs. 7 to 1 1 )  and gives off twigs and single fibers but no 
large branches. The fibers supply the gill lamellae and whole 
lining of the posterior half of the first gill sac, forming rich net- 

FIG. 18. T h e  ventral branch of ramus visceralis IX ramifying in the floor of the respiratory tube. 
Magnification, 60 diameters. The  finer fibers could not be drawn. 

works around both internal and external gill openings, meeting 
and interlacing at these places with the fibers of the VII nerve. 
The innervation about the external opening of the first gill sac is 
shown in fig. 19. This is a horizontal section and the fibers 
approaching from below are those of the IX nerve, those from 
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above are fibers of the VII nerve. In Fig. 19 A is shown the 
interlacing of the fibers of the two nerves as it appearsin a section 
directly dorsal to the gill opening. Fibers going forward from the 
IX nerve supply also the thin sheet of muscle covering the posterior 
wall of the first gill sac. 

Fgc. 19. A horizontal section through the external opening (ex...) of the first gill sac on the left 
side, showing the branches of the VII and 1X nerves related to it. At A is shown 
a section passing just dorsal to the same gill opening to show tbe intermingling of the VII and IX fibers 
in the epithelium. Magnification. 60 diameters. 

b.v., blood vessel. 
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After the above fibers are given off the nerve passes down 
behind the branchial cartilage and supplies the muscular sheath 
and the lining of the anterior half of the second gill sac. I n  
studying the cranial nerves of P. dorsatus I did not appreciate the 
importance of the caudal branch of this nerve “which disappears 
in the muscles” (1905, p. 171). I have reviewed those sections 
and find this to be a large branch which enters the muscular 
sheath of the second gill sac in which it dwindles away. The 
two species agree, then, in that the IXnerve innervates the muscular 
wall of the halves of the first and second gill sacs adjacent to the 
first branchial arch in which the nerve runs. Whether this same 
branch sends fibers into the lining of the second gill sac in P. 
dorsatus I can not determine. If such fibers are present and are 
disposed in small bundles or  singly as in Lampetra, they could not 
be traced in transverse sections. It is altogether probable that 
the arrangement is the same in both species, especially as no other 
provision is seen for the innervation of the anterior half of the 
second gill sac. 

I n  P. dorsatus the terminal portion of the IX nerve which goes 
to the skin is larger than the posterior branch just referred to. 
I n  Lamptera a few fibers to the skin, probably general cutaneous, 
are impregnated in these preparations but the lateral line fibers 
which presumably run throughout this portion of the nerve (see 
1902, p. 47 and 1905, p. 172) are not impregnated. 

The VII nerve has its communis or visceral sensory ganglion 
within the auditory capsule. The trunk, including viseral, cuta- 
neous and motor components, emerges from the capsule and 
descends on the caudal surface of the lateral line ganglion, bends 
caudad beneath the capsule and divides into two chief rami. 
One of these running straight caudad will be described below as 
the sympathetic trunk. The other is the main trunk of the VII 
nerve. It descends in front of the first gill sac and at about the 
level of the dorsal border of the velum (fig. 7) divides into anterior 
and posterior branches. The anterior branch has been described 
above as the cutaneous branch. The posterior branch bends 
inward and backward and gains the inner border of the muscle 
sheath of the first gill sac (figs. 7 and 8). At the same time it gives 
off branches which, together with others given off lower down, 
supply the lining of the whole anterior half of the gill sac, inter- 
lacing with the terminal fibers of the IX nerve about both the 
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internal and external gill openings as above described. Other 
fibers innervate the muscle of the anterior wallof the gillsac. The 
nerve then gives off the branch to the m. hyo-hyoideusanterior, 
mentioned above and moves onto the postero-internal surface of 
the gill muscle farther from the middle plane than before (fig. 9). 
Here it continues to give off branches to the lining of the gill sac 
and to the muscle until it reaches the lower border of the gill sac. 
Here it turns ventro-mesad and runs caudad on the surface of 
the inferior jugular vein (figs. 10 and I I ) .  The course of this termi- 
nal portion of the VII nerve is beautifully impregnated in one 
transverse and one horizontal series of sections. The transverse 
sections include only the first two gill sacs and the horizontal sec- 
tions the first three sacs, and the nerve continues to the end of 
the series in each case. As it goes backward it gives off branches 
laterad to ramify on the ventral wall of each gill sac and branches 
mesad to the walls of the blood vessels and to the thyroid gland. 

From this account it is seen that the visceral sensory portion of 
the VII nerve supplies the lining of the anterior half of the first 
gill sac. Since the hyomandibular sac, which lies in the embryo 
in front of the arch in which the VII nerve runs, is aborted, the 
branchial portion of the nerve corresponds to the posterior 
branchial branches of the IX nerve. The continuation of the 
nerve caudad beneath the gill sacs will be considered farther under 
the head of the sympathetic system. 

The supply of fibers from all the branchial nerves to the lining 
of the gill sacs, lamellae and filaments is very rich indeed. Great 
numbers of medium and fine fibers interlace beneath the gill 
lamellae and send up fine fibers along the filaments to end between 
the epithelial cells. It is very difficult in a drawing on one plane 
to give an adequate idea of the richness of the nerve supply to 
the gills. The lining of the sac also is everywhere very richly 
supplied with fibers. 

THE VISCERAL MOTOR COMPONENTS. 

The motor fibers in the X, IX and VII nerves supplying the gill 
sacs have been described in a general way in the above para- 
graphs. As the nerve descends in its branchial arch itgives motor 
fibers to the half of each adjacent gill sac. The muscle in the 
anterior wall of the gill sac is much thicker than that in the pos- 



592 Journal of Comparative Neurology and Psychology. 

terior wall and extends over the dorsal and ventral walls; conse- 
quently the posterior branches of each branchial nerve carry 
many more motor fibers than the anterior branches. I n  the case 
of the VII nerve there is no gill sac in front of it to be innervated, 
but it sends one motor branch forward which goes ventro-mesad 
in a thick muscle (fig. 10, m.h-h.a.) which with its fellow forms 
a sling depending from the cornual cartilages, in which the front 
end of the circular muscle of the “tongue” rests. This is the m. 
hyo-hyoideus anterior of P. FURBRINGER which he states is inner- 
vated by the internal ramus of the maxillaris. This muscle 
appears to the writer to be much less closely associated with the 
large circular muscle of the tongue (hyo-hyoideus posterior) than 
FURBRINGER’S account implies. It would seem to have a special 
function to raise the tongue during the rasping and sucking move- 
ments. The fact that it receives its innervation from the VII 
nerve is stronger evidence against its being considered a part of 
the circular muscle, which is innervated by the trigeminus. 

It was pointed out in a previous paper (1905) and was already 
clear from the descriptions by P. FURBINGER that the trige- 
minus of cyclostomes is peculiar in that the maxillary ramus con- 
tains motor fibers. The maxillaris indeed innervates the majority 
of the muscles connected with the whole buccal apparatus and P. 
FURBRINGER failed to recognize a ramus mandibularis, assigning 
all branches below the ophthalmic ramus to the maxillaris. This 
was an error. I have shown in the general description above that 
a pure motor component of the trigeminus can be distinguished 
in the root and ganglion by its compact rounded form and the 
coarseness of its fibers. This bundle supplies the internal and 
external velo-hyomandibular muscles and the protractors, retrac- 
tors and circular muscle of the tongue. Now if the lingual appa- 
ratus corresponds to the lower jaw of higher forms, it is proper 
to consider this nerve homologous with the motor part of the 
mandibular ramus of true gnathostomes. 

Although my preparations leave some uncertainties, all the 
other muscles about the buccal and mouth cavities seem to be 
innervated by branches of the maxillaris. 

My preparations are not suitable for the reconstruction of the 
muscles and I will not attempt any further description of the 
muscles and their innervation or discussion of their action. I 
am convinced, however, that in many respects FURBRINGER’S 
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descriptions will not apply to Lampetra. It is much to be desired 
that some one will undertake a thorough study of the muscles and 
skeleton of our American species of petromyzonts, both before 
and after the metamorphosis, by the method of serial sections and 
re constructions. 

Motor endings of the trigeminus.-The fibers of the mandibular 
ramus are coarse in the ganglion, while the motor fibers of the 
maxillaris can scarcely be distinguished from the sensory until they 
reach ,their muscles. The motor fibers in both maxillaris and 
mandibularis, however, increase in thickness greatly before they 
enter their muscles. Many of them are nearly as thick as those of 
the spinal nerves described above. It is possible in only a few 
cases to trace out anything like all the branches of one fiber in the 
muscle, but it is evident in all regions that relatively few fibers 
enter any given muscle and that each fiber must supply a large 
number of muscle fibers. In  many places enough can be seen of 
the early divisions of ti motor fiber to show that it has a wide dis- 
tribution and in a few cases some idea can be obtained of the num- 
ber of end plates supplied by one fiber. In  one horizontal section 
through the tongue muscle one fiber of the mandibular nerve has 
thirty-nine end plates and in the adjacent section are forty-one 
more end plates which certainly belong to the same fiber. 

The motor end plates are more highly developed in the buccal 
and lingual muscles than elsewhere. The muscle fibers in the 
specialized muscles are smaller and more uniform in diameter than 
those of the myotomes, and the motor end plate commonly is as 
long or wide as the width of the muscle fiber. The most common 
form of end plate is soinething like that of a horseshoe, although 
the appearance of a closed ring or network is sometimes given 
by the free ends of the horseshoe overlapping. Several end plates 
are drawn at a high magnification in fig. 20, which shows another 
peculiarity, namely, the arrangement of the end plates in chains. 
This is by no means uncommon but is perhaps not true of the 
majority of the endings. There are hundreds of such end plates 
impregnated in these preparations and in all the specialized 
muscles they are of the same general form. Sometimes they are 
reduced to a single knob or two and seldom are they any more 
complex than the two separate ones shown in fig. 20. 

In  the branchial muscles the endings are simpler but are always 
characteristic enough, I think, to enable one to distinguish between 
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motor and sensory fibers. The motor fibers are not so thick as 
are those of the spinal nerves or those of the trigeminus. Even 
the fibers of the VII nerve which supply the m. hyo-hyoideus 
anterior, a thick and active muscle, become much thicker than 
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FIG. 20. FIG. 21. 

FIG. 20. 

with one motor fiber, m.f. 
300 diameters. 

FIG. 21. 

Fig. I I. 

Motor end plates from specialized muscles. a.a, two chains of end plates connected 
Magnification, 

The source of this figure is shown in 

b,c, somewhat more complex end plates; m, muscle fibers. 

Motor endings in the sheath-muscle of a gill sac. 
Magnification, 150 diameters. 

those which supply the branchial muscle. Still the motor fibers 
are much thicker than the sensory fibers to the lining of the gill 
sacs. The fibers ramify freely and the functional endings consist of 
varicosities in the course of the tzrminal branches and simple knobs 
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on the ends of small branches. 
from th: ventro-lateral wall of the third gill sac. 

This is illustrated in fig. 21 taken 

T H E  SYMPATHETIC SYSTEM. 

The sympathetic trunk.-This has been mentioned above as a 
bundle of fibers going directly caudad from th: trunk of thz VII 
nerv: just beneath the auditory capsul:. I n  position this corre- 
sponds closely with the sympathetic trunk in P. dorsatus. As 
the nerve runs caudad it maintains a position a little farther 
laterad than in P. dorsatus, never approaching so close to the 
aorta as in that species. Further, the trunk in adult Lampetra 
is very much larger than in the ammoccetes of P. dorsatus. In  
addition to this trunk the facialis a t  its ventral end sends caudad 
another nerve which extends through at least three branchial 
segments. This whole system of fibers seems to be related chiefly 
or  exclusively to arteries, veins and blood and lymph sinuses, and 
it is for this reason that it is spoken of as a sympathetic system. 
Morphologically the dorsal trunk corresponds to the sympathetic 
trunk in higher forms and in at least one place ganglion cells are 
impregnated in it, which confirms the dzscription given for P. 
dorsatus. The ventral prolongation of the VII nerve caudad, 
on the other hand, has no parallel known to th: writer. 

I n  
fig. 22 is shown the sympathetic trunk as it lies over the first gill 
sac, from a section between those drawn in figs. 3 and 4. The 
trunk has just left the VII nerve and is running over the muscle 
in the anterior wall of the first gill sac. The dotted lines indicate 
the outline of the sinus at the base of the gill. The full line to the 
right indicates the border of the muscle whose other border is the 
sinus. At first sight th.- fibers given o f f  were taken to be motor 
fibers, but it was found that the fibers and endings differ from 
any that are known to be in muscle, that the fibers pierce the 
muscle to the wall of the sinus beneath, and that in other sections 
the endings of similar fibers in the walls of blood vessels is per- 
fectly clear. In this figure the fibers which run down toward the 
left run in a fold or constriction of this sinus and are lost without 
coming near any other organ whatever. After careful study in 
all parts of the sections it may be stated with confidence that these 
fibers are in no way related to muscles. Wherever the muscle 

The general course of these nerves is shown in figs. 2 to 1 1 .  
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upon which they lie is cut transversely the fibers are seen to pierce 
the muscle and lie directly on the wall of a vessel or sinus. Trans- 
verse sections through the very region shown in fig. 22 show this 
very clearly. It is not so easy to prove whether these fibers mayor 
may not be related to the lining of th? gill sac or the epithelium 
of the gill filaments. The fibers which supply the greatx part 
if not the whole of the lining of the gill sacs, enter the sacs on their 

FIG. 22. The proximal portion of the sympathetic trunk of the right side, just behind the auditory 
capsule and over the first gill sac, in a horizontal section. Magnification, 90 diameters. 

anterior and posterior surfaces as above described and spread 
over the whole wall. The fibers of the sympathetic trunks arrive 
upon the walls of the gill sacs dorsally and ventrally, but here in 
many cases at least they mingle with the network of interlacing 
fibers from the former source and it is no longer possible to dis- 
tinguish them with certainty. By direct observation the possibility 
can not be excluded that fibers from what are here called sym- 
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pathetic trunks supply visceral surfaces merely. However, the 
facts that these fibers do supply blood vessels and that the fibers 
which are known to be visceral sensory enter the gill sacs by 
another route lead me to conclude that when fibers from the sym- 
pathetic trunks enter the gills they are still destined to the supply 

FIG. 23. A branch of the ventral sympathetic trunk of the left side ramifying in the ventral wall 
Many fine fibers are not drawn. of the third gill sac. Compare fig. 11. Magnification, 75 diameters. 

of blood vessels found there. An illustration of the ramification 
of these fibers on the wall of the sinus at the base of the gillsis 
given in fig. 23, taken from one of the sections drawn in fig. 11 
where the position of this bundle will be seen. It lies beneath 
the third gill sac on the left side and is a branch from th.: ventral 
trunk. 
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I\ 
FIG. 24. FIG. 25. 

FIG. 24. 

FIG. 25. 

A longitudinal section of the wall of the aorta in a horizontal section of the whole head, 

Endings from the ventral sympathetic trunk of the left side in the inferior jugular vein, 
showing two fiber endings. 

inf. jug.  Magnification, 75  diameters. 

Magnification, 250 diameters. 
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Far  illustration of the endings of the fibers in the walls of blood 
vessels I have taken one from th: wall of the aorta (fig. 24) and 
one from the wall of the inferior jugular vein (fig. 2 5 ) .  The end- 
ing in the aorta is seen in longitudinal section and many such 
endings are to be found. The fibers which lead to them come 
from thz direction of the sympathetic trunk. The endings in the 
jugular vein are seen in surface view and all the fibers in the draw- 
ing belong to the ventral trunk of the sympathetic. There is no 
possibility of doubt as to these endings being in the wall of the 
vein, for the next section above passes through the empty space 
dorsal to the vein and the next section downward passes through 
the lumen of the vein containing blood corpuscles. From th2se 
facts it may be concluded that in the adulc lamprey a large system 
of fibers makes its exit from the brain with the VII nerve which 
functions in conneetien with th: control of the circulation at least 
in the branchial region. Whether fibers join this from other nerve 
roots still remains questionable, and also to what extent the system 
is developed in the post-branchial region. 

Peripheral ganglia.-Ganglion cells are found impregnated in 
various places about the head in several series of sections. One 
is shown in close connection with a ventral spinal nerve root in 
the lower part of fig. 14. This is the only one I have noticed in 
this position. A few cells are seen in connection with the sym- 
pathetic trunks above described, but not so many are impreg- 
nated in connection with these trunks as one would expect. Many 
cells are found immediately beneath the parietal muscle ventral 
to the orbit. I n  one series of sections more than one hundred 
sharply impregnated cells were counted in fifteen sections through 
the region ventral to the orbit and lateral and ventral to the sub- 
ocular cartilage. In  fig. 26 are shown some cells in this region. 
The vertical striations bounded by a dotted line indicate the 
parietal muscle, the oblique striations the muscle of the first gill 
sac. The fibers lying on the gill sac are motor,except the finest, 
which are sympathetic. At the border of the parietal muscle is 
seen a bundle of fibers which is probably the termination ofthe 
hypoglossus. There is one nerve cell among these fibers and 
farther'forward are three cells among fine fibers most of which are 
of sympathetic nature. These latter cells and fibers are drawn 
to a higher scale in fig. 27. There are some indications that the 
fine fibers among which such cells lie follow blood vessels. In  fig. 
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28a are shown several cells from the connective tissue berlLath 
the subocular cartilage of the opposite side of the same specimen. 
The coarse fibers are those of the first ventral spinal nerve nearing 
their ending in the most anterior portion of the parietal muscle. 
The cell in the lower right hand corner is more highly magnified 

FIG. 26. Motor endings in the ventral wall of the first gill sac of the left side and peripheral gan- 
glion cells. m.e., motor endings; sym., sympathetic fibers and ganglion cells. Magnification, 75 diameters. 

at b. Many cells are found about the gill sacs, some in the base 
of the gill filaments (fig. 2 8 e  and fig. 29) and some on the surface 
of the muscle (fig. 2%). A considerable number of such cells 
are found in the roof of the mouth cavity beneath the semilunar 
cartilage, in the connective tissue around the retina especially 
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among the trigeminal fibers in the floor of the orbit, in the sub- 
cutaneous tissue dorsal and anterior to the olfactory capsule, etc. 

The  writer has heretofore been very skeptical regarding the 
presence of ganglion cells in such places as those mentioned. 
When these were first seen they were taken to be large varicosities, 
but thousands of varicosities have been compared with these and 
all are very much smaller in proportion to the thickness of the 
fibers on which they occurred. Then it was found that while the 
majority of these cells are bipolar, a considerable part of them 
have three,. four or five processes. Finally there are in many 

FIG. 27. The ganglion cells of fig. 26 under a higher power. Magnification, 3 0 0  diameters. 

cases, not in all, the same differences between the processes as we 
find between the dendrites and neurites of neurones in the central 
nervous system. 

These cells have not yet been exhaustively studied and I cannot 
state with any confidence either their anatomical connections or 
their probable functions. They are found both beneath the skin 
and beneath the mucosa, in the gills and on the surface of both 
branchial and parietal muscles, in or near the trunks or branches 
of the V, VII, IX, X, ventral spinal and hypoglossal ( ?) nerves. 
In  a few cases there are indications that these cells are especially 
related to blood vessels and this is the only supposition that seems 
in harmony with their wide distribution. 
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FIG. 28.  Peripheral ganglion cells. a, a group of seven cells from the region beneath the sub- 
Magnification, 48 diameters. 

At x the dendrite passes into 
T h e  cell at e is in 

ocular cartilage; the coarse fibers belong to the first ventral spinal nerve. 
b, the lowermost cell in n drawn at a magnification of 3 6 0  diameters. 
the next section. 
the base of a gill filament. 

c, d, e ,  f, other cells drawn at a magnification of 60 diameters. 
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CALIBER OF FIBERS I N  T H E  LAMPREY. 

A word should be said regarding the relative thickness of fibers 
in the peripheral nerves. For this the different figures should be 
compared and notice taken of the magnification in each. I n  
drawing there is a constant tendency to exaggerate the thickness 
of the fine fibers and in the case of the finest it becomes physically 
impossible to represent them except at high magnifications. The 
thickness of the fibers of the ventral spinal roots has been dwelt 
upon. The dorsal roots (fig. 31) contain medium (5 .2 ,~) ,  fine 
(1 .5 ,~ )  and very fine (0 .3 ,~)  fibers. The coarse motor fibers in the 
muscles are approximately seventy-five times as thick as the 
finest fibers in the dorsal roots. I n  the base of the gills and in the 
walls of the water tube and oesophagus and blood vessels the 

FIG. 29. A ganglion cell at the base of a gill filament. Magnification, 250 diameters. 

terminal fibers are just visible under the LEITZ ocular 4 and objec- 
tive 7. The coarser fibers of the sympathetic trunk are between 
two and three microns in diameter. 

SUMMARY. 

The chief results of this study are as follows: 
I .  The great thickness of the motor fibers and their great 

increase in thickness before entering the muscles; the existence of 
two distinct types of motor endings and the increasing complexity 
of the end plates in the myotomes, branchial muscles, and the 
muscles ofthe buccal funnel and the tongue; and the great number 
of muscle fibers innervated by each motor nerve fiber. FUSARI 
(1901) has pointed out that the end plates in the myotomes are 
simpler than those in the other muscles and mentions that after 
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FIG. 30. Peripheral ganglion cells. a, b,  c, a group of three in the base of one of the gills. d, a 
cell from the tip of the tongue, on the cephalic surface of the anterior tongue cartilage. Magnification 
of a, b, c, 200 diameters; of d, 350 diameters. 
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one end plate is formed a fiber continues to form others. I have 
not seen his second paper (1905) with figures and do not know 
whether he has seen the simple motor endings in the myotome 
described in this paper. 

The distribution of the branchial nerves to the two demi- 
branchs adjacent in each case to the arch inwhich the nerve runs. 
Both sensory and motor fibers take part in this arrangement. 
This means that in the lamprey each nerve supplies one whole 
gill, while in gnathostomes each nerve divides into pre- and post- 

2. 

FIG. 31.  A medium and two fine fibers in a dorsal nerve root for comparison with motor fibers, etc., 
sp.c., spinal cord; uert., wall of spinal canal. Magnification, 375 diameters. 

trematic rami and supplies the two demibranchs bounding a gill 
slit. This change is possibly brought about by a downgrowthof 
the visceral ramus into the next anterior gill arch. 

3 .  The large size of the sympathetic trunk and its evident 
importance in the branchial region; the distributionof sympathetic 
fibers in the ventral branchial region by way of the VII nerve; 
and the endings of sympathetic fibers in the walls of blood vessels. 
The bodies of most of the sympathetic neurones must be situated 
in the facial ganglion or within the brain. From this condition in 
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cyclostomes one would be inclined to expect that the sympathetic 
ganglion related to the facial nerve in some fishes would be found 
in process of separation from the facial ganglion proper, as COLE 
thought was the case in Gadus (see discussion in HERRICK 1900). 

The existence of peripheral ganglion cells in considerable 
numbers and in the most diverse regions of the head. RETZIUS 
(1890) has described subcutaneous ganglion cells in Myxine but, 
judging from his figures, they do not resemble the cells described 
here. RETZIUS cites LANGERHANS (1873) as dzscribing subcu- 
taneous ganglion cells in Petromyzon but I have not seen his 
paper. 

5. The slightly differentiated condition of the maxillary and 
mandibular nerves. The motor portion of the mandibular ramus 
is clearly differentiated and supplies the muscles of the tongue, 
which corresponds to the lower jaw. It is possible that the motor 
trunk is accompanied by some sensory fibers for the covering of 
the tongue, corresponding to the floor of the mouth in gnatho- 
stomes, but they have not been found. The postorbital branches 
to the skin may be assigned to the mandibular but they are far 
removed from its motor portion. O n  the other hand, the maxil- 
laris is largely motor. The muscles supplied by it, however, 
probably have no counterpart in gnathostomes. If that is so, then 
it is scarcely right to say that the motor fibers in the maxillaris 
represent part of the mandibular trunk of gnathostomes. It is 
simpler and truer to say that the cyclostomes present a peculiar 
condition of the maxillaris due to the presence of the muscles of the 
buccal funnel. Whether this be primitive or aberrant, it is the 
most primitive condition which we know in craniates and in it 
the trigeminus is indeed peculiar. I t  is the only nerve in cyclo- 
stomes which appears to possess pre- and posttrematic rami. 
The posttrematic ramus, however, is specialized motor and is 
lacking in the cutaneous (? )  and the branchial sensory and motor 
components present in the branchial nerves. The absence of the 
second and third is presumably due to the disappearance of the 
hyomandibular gill sac. What is commonly called the pre-tre- 
matic ramus is a great mixed nerve spreading fan-like to the skin 
and musculature of the whole anterior part of the head in front 
of the first gill sac, except the proper muscles of the tongue and 
velum. This condition in cyclostomes throws a serious doubt on 
the propriety of calling the maxillaris a pretrematic ramus in any 

4. 
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vertebrate. It is rather a peculiarly large dorsal ramus, with 
motor components only in cyclostomes. It never acquires the 
visceral sensory components distributed to the lining of the ali- 
mentary canal which characterize rami of the branchial nerves, 
while the true pretrematic rami never acquire the cutaneous com- 
ponents which characterize the maxillaris. Moreover, no pre- 
trematic rami are developed in the other nerves in petromyzonts. 
The trigeminus in the lamprey is a branchial nerve like the glosso- 
pharyngeus, but supplying the specialized muscles of its arch, 
wanting in the branches to the next posterior gill sac which has 
disappeared, and possessed of an extremely large dorsal ramus 
which supplies muscles as well as skin of the buccal region. It is 
of course held that the ophthalmicus is a separate nerve. 

The sensory innervation of the velum comes entirely from 
the maxillaris. This would imply that the velum is covered by 
ectoderm, which may be true, or  that the velar nerve is a com- 
munis component in the maxillaris. The facts that the fibers of 
the velar nerve are fine and its ganglion cells small and that its 
ganglion forms the cephalic portion of the gasserian ganglion 
not mingled with the cells of undoubted cutaneous fibers, lend 
color to th: supposition that this nerve may be communis. The 
central connections of the fibers were not impregnated. 

The facial nerve innervates one special muscle related to 
the tongue, the hyo-hyoideus anterior of FURBRINGER. I would 
suggest that one function of this muscle is to raise the tongue 
against the floor of the water tube (velar orifice) and so with the 
m. velo-hyomandibularis internus, which enwraps the esophagus 
dorsally, to close 60th the water tube and the esophagus during 
the sucking movements of the buccal funnel. 

The presence of fibers ending in the intermuscular septa 
which may serve the muscle sense. 

6. 

7. 

8. 
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